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Introduction
Inflation and unemployment are the two prominent sources of economic misery in an economy. High inflation expectations, by shifting the short-run Phillips curve up, can give rise to either higher inflation at unchanged rate of unemployment or higher unemployment at unchanged rate of inflation (Sinclair, 2010) . A credible central bank committed to price stability objective could anchor inflation expectations and thereby reduce economic misery on both counts. First, when inflation overshoots the target, the employment/output sacrifice needed for disinflation would be much lower; and second, by ensuring price stability around the growth maximising rate of inflation (or the threshold inflation) it could contribute in the best possible way to sustainable high growth and employment. The magnitude of economic misery that high inflation expectations could pose, thus, depends on agents' perceptions about the credibility of a central bank's commitment to price stability.
It is crucial for monetary policy to assess how much the headline inflation may deviate from the target because of elevated inflation expectations, and what are the near-term and medium-term ramifications for growth and employment of either forcefully resisting or accommodating risks to inflation from inflation expectations, no matter what may be driving such expectations. If inflation expectations are not anchored by credible monetary policy, even if one assumes that expectations are purely adaptive, both supply shocks and demand shocks can set off an inflation spiral. Adverse supply shocks, such as temporary increase in food and fuel prices, could push headline inflation up (and reduce output), as a result of which adaptive inflation expectations could rise, which in turn could spillover through wage-price setting responses of agents to bloat inflation further. Similarly, a positive demand shock could increase inflation (and also output), but adaptive expectations would fuel an even stronger inflation spiral, backed by an expansion in income 2 . The longer monetary policy waits before resisting to break the spiral, the higher could be the sacrifice of output and employment in the medium-run. In turn, if monetary policy resists proactively recognizing the risk of an inflation spiral because of de-anchored inflation expectations, there could be some near-term sacrifice of output, which, however, may be comparatively less than the medium-term sacrifice of output associated with a delayed policy response. Once expectations are anchored through credible commitment to keep inflation closer to the target, even when supply and demand shocks drive inflation away from the target, return to equilibrium would be faster and also less costly. Empirical research shows that adoption of inflation targeting (with credible commitment to the target) and central bank transparency (on following a rule or providing clarity on how monetary policy will respond when anticipated and unanticipated risks to inflation materialize) reduce sensitivity of longer-term inflation expectations to shocks to inflation, implying thereby firmer anchoring of expectations (Ha et al, 2019 ).
An inflation targeting monetary policy framework, because of its clarity on the nominal anchor, demonstrated commitment to the inflation target, and transparent communication on what a central bank may do if inflation deviates from the target when different shocks materialise, helps in anchoring expectations. In other words, even when short-run shocks lead to occasional overshooting/undershooting of the inflation trajectory, inflation expectations may remain largely unchanged, thereby limiting risks in terms of altering the wage and price setting behaviour of agents in the economy. When inflation deviates from the target in the short-run because of a temporary shock, monetary policy credibility becomes key to prevent inflation expectations from getting influenced by the shock. If expectations are well-anchored around the target, policy could "look through" the price level impact. However, if expectations are not anchored and tend to firm up in response to short-run adverse shocks, then second round effects on inflation become a concern, thereby reducing the scope for the "look through option", which can amplify output volatility. After the global financial crisis, countries having well-anchored inflation expectations seem to have also benefitted in terms of their capacity to manage adverse global spillovers, i.e., even when exchange rate comes under depreciation pressure in response to sudden capital outflows in such economies, smaller exchange rate pass-through and lower inflation persistence help in faster return of inflation to the target (IMF, 2018) .
Inflation expectations, despite their importance to assess inflation dynamics in a country, however, are not directly observable, leading to use of either surveybased or financial market based measures of expectations in empirical research. Survey-based inflation expectations often turn out to be better predictors of actual inflation than model based estimates or financial market data (Ang et al, 2007) . An assessment of survey-based data on inflation expectations covering both advanced and emerging economies suggests that household expectations are higher and more volatile than inflation expectations of professional forecasters. The latter are closer to inflation forecasts of central banks (Ha et al, 2019) . While inflation expectations are generally heterogeneous for different agents, in South Africa, for example, longerterm expectations of analysts generally remain within the inflation forecast band (of 3 to 6 per cent), whereas expectations of households, businesses and trade unions usually remain above the upper band of the inflation target, besides being more volatile (Miyajima, 2018) .
In India, 3-months ahead and 1-year ahead inflation expectations of households are collected through quarterly surveys conducted by the Reserve Bank of India (RBI), which are widely used for the assessment of inflation outlook, i.e., likely risks to the inflation trajectory from possible spillover of inflation expectations through the wage-price setting processes in the economy. What one often fails to recognise in such assessments, however, is the distinction between longer-term inflation expectations and shorter-term inflation expectations. "…Short-term inflation expectations, in practice those for one-to two-years ahead, should vary with the business cycle and shocks to the economy. Longer term inflation expectations, usually thought of as those five years out or more, are anchored if the variations in short-term expectations do not affect their level significantly." (Posner, 2011) . Accordingly, in the empirical literature that aims at examining either how well inflation expectations are anchored or whether inflation expectations can predict future inflation, longer-term inflation expectations (of 5-years ahead that are less sensitive to short-term shocks to inflation) collected through survey of professional forecasters/ consensus forecasts are used, which usually validate inflation expectations as a key determinant of inflation, besides providing evidence on the extent of anchoring under different monetary policy regimes/in different countries (IMF, 2018) . Empirical literature nevertheless also suggests that when household inflation expectations are considered, they may outperform both lags of actual inflation and survey of professional forecasters (Doser et al, 2017) .
Even though longer-term household (HH) inflation expectations data are not available for India (unlike the Michigan inflation expectations survey in the US for five years), given the extensive references to quantitative and qualitative data on inflation expectations of households in the assessment of inflation dynamics in India, this paper aims at examining the forward looking information content in both 3-months ahead and 1-year ahead inflation expectations of households from the stand point of their relevance to the wage-price dynamics.
Inflation expectations carry the risk of stoking a wage-price spiral. Inflation expectations induced generalised wage pressures can often be inflationary, particularly when excess demand conditions allow easy pass-through of higher wage costs to output prices. In the absence of excess demand, however, the scope for spillovers from inflation expectations to output prices through higher wages could be limited, even as lower profit margins at times may absorb some part of the higher wage costs for some time. In turn, in the presence of excess demand, easy passthrough of wage costs and higher mark ups may allow firms to offer higher wages to retain/motivate labour, leading to a situation where high prices also drive higher wages. Changes in labour productivity can at times obscure this assessment, i.e., higher wages may just reflect higher productivity rather than excess demand conditions. Because of backward wage indexation, higher wages at times may also reflect lagged actual inflation. Thus, a measure of economic slack, trend labour productivity growth and inflation expectations represent the key determinants of nominal wages (IMF, 2017) . Non-availability of high frequency data on productivity and employment can complicate assessment of both current inflation dynamics and risks to the inflation outlook. When high frequency data on unemployment and productivity are not available, however, wage growth itself could be used as a useful early warning indicator of inflation. To the extent that survey-based data on household inflation expectations could be a determinant of nominal wage growth, they may also be useful to predict wage and price inflation.
Set against this context, this paper aims to examine the following relevant research questions. First, whether household inflation expectations are rational and unbiased, so that they can be used as a proxy of rational expectations in a New Keynesian Phillips Curve (NKPC). Second, as found in most other countries, when household expectations appear empirically to be not rational, can one justify the need for testing the usefulness information embodied in survey-based expectations in hybrid versions of NKPC. Third, if household expectations are established to matter statistically to current inflation, in hybrid versions of NKPC, what is the key channel though which risks to inflation from expectations materialise. Fourth, how inflation expectations of households alter the wage-setting behaviour, and thereby influence the price setting behaviour of firms? And finally, if short-term shocks to inflation such as large changes in food and fuel prices influence inflation expectations, then what could be the implications for the conduct of monetary policy. The scope of the paper is restricted to these five questions. Other relevant related issues such as whether inflation expectations are anchored in India, whether the flexible inflation targeting regime has improved the performance on anchoring of inflation expectations, and how effectively monetary policy has responded to risks to inflation from inflation expectations, etc are outside the scope of this paper. Thus, the paper is about examining whether information collected on household inflation expectations through successive rounds of RBI surveys matter to understand wageprice dynamics in India. Accordingly, Section II examines the information content of survey-based data on household inflation expectations in India from the stand point of their relevance to predict and/or explain inflation. After investigating the usefulness of such data, their relative importance in explaining inflation dynamics in India is studied in Section III in a New Keynesian Phillips Curve (NKPC) framework. How household inflation expectations influence the wage setting behaviour is analysed next in section IV. Available data on both rural and urban wages are used for this analysis. The role of supply shocks in explaining large changes in inflation expectations is attempted in Section V. Given the significant inter-state dispersion in inflation as well as inter-city differences in inflation expectations of households, the relationship between them is also studied in a panel data framework. Empirical methodology applied in each section draws on available literature. In some cases, if testable hypotheses are already tested in other available research papers using other measures of inflation/inflation expectations or different other methodologies, then their findings are reported under the review of literature in respective sections. Concluding observations are presented in Section VI.
II: Forward-looking Information content in Inflation Expectations of Households
While the theoretical debate on the subject of inflation expectations suggests extreme possibilities -the Neo-classical endogenous model-consistent forwardlooking rational expectations on one hand and the Keynesian exogenous backwardlooking expectations on the other -the real life expectation formation processes could be best explained by a hybrid New-Keynesian Phillips Curve (NKPC) that allows role for both backward and forward-looking information (Taylor, 1982; Hubert et al, 2018) . Given that hybrid Phillips Curve specifications fit data well and also that actual inflation dynamics often exhibit persistence, the micro founded justification for hybrid NKPC comes from the assumption that a subset of firms, not all, set prices following a backward looking approach. "…While the rational expectations revolution has allowed for great leaps in macroeconomic modelling, the surveyed empirical micro-evidence appears increasingly at odds with the full-information rational expectation assumption (Olivier et al, 2017) ."
While the assumption of rationality is crucial to theoretical policy frameworks, understanding of changing dynamics in an economy may generally be imperfect, and all agents that form expectations may also not know exactly the objective function of the policy maker (Bernanke, 2007) . Expectation formation could be a rational learning process and "…learning takes time, the economic scene changes continuously, information is costly and not all persons have equal opportunities for access to same information set" (Visco, 2014) . Given that expectations are unobservable, survey-based expectations provide necessary information to test the relevance of rational expectations and assess their predictive power in analysing inflation dynamics. As against the model-consistent version of expectations propounded by Muth (1961) (Olivier, 2017) ." Survey-based expectations, however, may often yield significantly different results from those hypothesised under rational or modelconsistent expectations.
Before using the household expectations data for India in an augmented NKPC, it is important to assess the forward-looking information content in these data. Two broad approaches are used in the empirical literature for this purpose:
(1) A test of whether expected inflation is an unbiased predictor of actual inflation, which is also viewed as a test of rationality (De Brouwer and Ellis, 1998; Sharma and Bicchal, 2018) .
This test requires regressing actual inflation on expected inflation for the same time period (as in equation 1).
… (1)
Where t is current period inflation, is expected inflation for current period t formed at time , and is a white noise error. If households are unbiased, i.e., if they exploit all available information while forming expectations and do not commit systematic forecast errors then: (a) actual inflation must equal expected inflation on average, and (b) actual inflation must equal expected inflation plus a random forecast error period by period (Kokoszczynski et al, 2010) . For inflation expectations to be viewed as unbiased predictors of inflation, the null hypothesis of =0 and =1 must hold.
An alternative form of the same test (which meets both necessary and sufficient conditions of unbiasedness) involves regressing forecast errors from equation 1 on a constant and to test the null hypothesis that the constant equals zero (Holden and Peel, 1990 While a test of Granger causality could help verify whether inflation expectations entail any causal influence on inflation or vice versa, co-integration analysis can establish the presence of a long-run relationship and the error correction process can enable investigation of how inflation expectations adjust over time to rational outcomes -or realised inflation (Berk and Hebbink, 2010; Gerberding, 2009) . Once co-integration between expected inflation and inflation is established, at least one of the following two error correcting terms must be statistically significant and correctly signed.
…(3) …(4)
If only the first error correction term matters, then inflation expectations converge to or adjust towards actual inflation. This would suggest that inflation is not influenced by inflation expectations, contrary to NKPC dynamics. However, that could corroborate expectations converging to a rational outcome, as current expectations can be based only the most recently available actual information. If only the second error correction term matters, then inflation converges to inflation expectations, validating the NKPC dynamics.
Identifying the nature of inflation expectations is another important aspect of the expectation formation process. Broadly, expectations could be either forward looking, backward looking or naïve (i.e., inability to judge available information, or lack of seriousness while responding to questions in surveys). An unconstrained regression of the following form could help identify the relative role of these three forms of expectations (Sharma and Bicchal, 2018 Equation 1 estimates for Indian data relate to three measures of inflation (CPI-C, CPI-Urban and CPI-IW) and two median measures of inflation expectations of households (3-months ahead and 1-year ahead). Inflation data are in terms of quarterly averages because data on inflation expectations are available on a quarterly basis. Correlation coefficients indicate co-movement between inflation and inflation expectations for different lags/leads (Annex Table 1a and 1b). Evolution of both variables over time also suggest likely presence of some cause and effect relationship between them (Annex Chart 1). The joint hypothesis of = 0 and = 1 is rejected (as per p-values of Wald test with Newey-West corrected standard errors), suggesting that inflation expectations are not an unbiased predictors of inflation in India (Table 2) . (Table 3) . Validation of the hypothesis that the mean forecast error is not very different from zero, and given the relative superiority of this test compared with equation 1 (as explained by Holden and Peel, 1990 ) requires further robustness tests through a deeper analysis of inflation expectations dynamics. A major reason why any test of rationality or unbiasedness should also explore the underlying dynamics behind the expectation formation process is that rational agents may adjust their forecasts over time to new information and past errors, and even if hard survey-based data show high degree of persistence in errors from expectations (a common test of rejection of rational expectations hypothesis), such errors may not persist in the long-run. Short-term shocks may impact 3-months ahead or 1-year ahead inflation expectations significantly (i.e., disproportionately more than the headline inflation), giving rise to persistence in errors from expectations, which may not persist in the long-run if all agents who provide information through the survey are rational and adjust their expectations taking into account past errors in judgement.
The sequential approach to examine underlying dynamics could start with a Granger Causality Test, which is about trying to infer causal relationship between two stochastic variables (inflation and inflation expectations) without imposing any pre-judged theoretical structure. Granger causality test results indicate that inflation expectations do not cause inflation, but instead inflation expectations are influenced by inflation (Table 4) . Does this mean inflation expectations do not matter to inflation dynamics in India? The answer to this question is that Granger causality may often be a flawed test of rational expectations -"…If the rational expectation hypothesis is true, it will make Granger-causality tests' findings contradictory to the real direction of causal relation (Maziarz, 2015) ." The argument here is that past and present can influence the future, but future cannot influence current as per the very essence of Granger causality. Notwithstanding this challenge, Granger causality tests are often used in empirical literature on this subject on the ground that expectations about future are formed today, and therefore, expectations that matter to analyse the current state of inflation would have been formed in the past. Survey data may have certain limitations because of which one may not get the expected causal influence of inflation expectations formed in the past on current inflation. The next step in examining inflation expectations dynamics is to identify whether there is a long-run co-integrating relationship between inflation and inflation expectations, and to assess what the error correction mechanism tells about rationality of expectations. Johansen Trace test results indicate the presence of one co-integrating relationship each between relevant pairs of inflation expectations and inflation, excluding the pair 1-year ahead inflation expectations and CPI-IW inflation (Table 5) . Importantly, error correction terms for all relevant pairs (of inflation expectations and inflation) suggest that inflation expectations adjust to the long-run relationship over time (Table 6 ). This is a test of rationality because expectations converge to the rational value, which is not known at the time when expectations were formed, as households revise their expectations over time. Thus, even when inflation and inflation expectations deviate from their long-run relationship, eventual reversion to the long-term path is ensured by households as they revise their expectations. The final step in the process of understanding the inflation expectations dynamics is to test the statistical significance of β 1 , β 2 and β 3 in equation 5. While one-year ahead inflation expectations are found to be adaptive, 3-months ahead expectations are both adaptive and naïve. In the short-run, it appears that households repeat expectations of the previous period, and adjust expectations only for new information in actual inflation. This methodology was applied first by Sharma and Bicchal (2018) to Indian data for WPI inflation (for the period Q4: 2006 to Q2: 2015) and the findings were similar to what is reported in this paper for CPI-IW, CPI-C and CPI-Urban. Das (2014) also tested the rationality of household inflation expectations in India using data on WPI and CPI-C for the sample period September 2008 to December 2013 and found that the rationality hypothesis was rejected for CPI-C, if not for WPI. The broad empirical inference that could be drawn from this section is that inflation expectations of households do not influence the process that generates inflation. Notwithstanding some evidence of no systematic errors in judgement (i.e., errors being stationary) and expectations adjusting to the rational outcome through a self-learning process, the expectation formation process is found to be either adaptive or naive. While the estimated error correction results are contrary to the NKPC dynamics, in the next section the statistical significance of inflation expectations in NKPC is tested directly.
III: Household Inflation Expectations in the Phillips Curve
In the theoretical and empirical literature the treatment of inflation expectations in a Philips Curve framework to study inflation dynamics has changed significantly over time (Gordon, 2013) . All broad approaches -the expectations augmented Philips curve, the new Keynesian Philips Curve (NKPC) and the hybrid versions of NKPC -however emphasise that inflation expectations can influence current inflation.
In the Gordon triangle approach, inertia, demand and supply are the three key determinants of inflation. As per this approach, past inflation reflects generalised inflation inertia; the role of supply shocks (which could shift the short-run Philips curve) is explicitly recognised; and, output-gap can be used as a convenient proxy of demand conditions. The key point to note in this approach is that when past inflation influences current inflation, it reflects generalised backward looking inertia -arising from either explicit contracts dampening the speed of changes in prices and wages, or input price changes possibly taking longer time to transmit through the supply chain to final prices -rather than backward looking inflation expectations. In NKPC, however, forward looking inflation expectations that respond rationally to policy changes play a key role in influencing inflation. Thus, unlike the Gordon approach, this approach does not recognise any role of inertia or supply shocks, the latter usually getting suppressed in the error term (Equation 6).
As NKPC does not fit real life data well, hybrid versions of NKPC (Gali and Gertlar, 1999) are commonly used in practice (Equation 7) 4 .
Unlike the emphasis of NKPC on model consistent rational expectations, hybrid expectations are backward looking as well as forward looking, with the relative size of each (when α f and α b are constrained to add up to one, or even otherwise) being a country specific empirical issue. Supply side shocks (Z t ) are explicitly recognised as plausible determinants of inflation. e t is the serially uncorrelated error term. Recent empirical research for the US suggests that: (a) the role of economic slack (or unemployment gap/output-gap) as a determinant of inflation has weakened significantly (i.e., the slope of the Phillips curve is close to zero); (b) the coefficient of inflation persistence (or backward looking expectations, and in some sense, unanticipated change in inflation) has declined over time; and, (c) the importance of forward looking inflation expectations as a determinant of inflation has increased over time, which highlights the significance of sustained emphasis of monetary policy on anchoring inflation expectations (Jorda et al, 2019) While using survey-based measures of inflation expectations as proxies of forward looking expectations in the above specifications, one needs to recognise that if household expectations are not rational (as found empirically in section II) then such data cannot be used in NKPC, but in hybrid versions of NKPC, survey-based data on expectations may actually work well. In Poland, empirical estimates suggested that survey-based measures of inflation expectations (of consumers, financial market participants, and business enterprises) perform better than modelconsistent rational expectations in forecasting inflation (Łyziak, 2010) . While several empirical studies on India validate the significance of Phillips curve to explain variations in inflation -notwithstanding differences in the specification of the Phillips curve or in the choice of inflation variable (i.e., WPI, CPI-IW or CPI-C) -we add a new dimension to this research by applying household inflation expectations as a proxy of forward looking expectations for testing the performance of the Phillips Curve in explaining inflation dynamics in India (for a review of empirical studies on India, refer to Behera et al, 2017) 5 . Using consensus forecast data in NKPC framework (augmented with imported inflation, i.e., international commodity prices) Guimaraes and Papi (2016) found both forward looking and backward looking components of expectations as key determinants of CPI inflation in India, with their respective weights coming close to half. At higher inflation levels, greater inertia (or backward looking expectations) suggested higher sacrifice ratio. Importantly, commodity prices turned out to exert influence on inflation over and above what may be already captured in inflation expectations. Patra et al (2014) tested alternative specifications to establish the relevance of backward looking nature of Phillips curve for India to WPI inflation dynamics, and argued that inflation persistence may have four components, including inflation expectations measured by one period ahead inflation. Given the challenge of measuring inflation expectations, instead of any survey-based data, they used one period ahead actual inflation, and their estimated coefficient at 0.6 was close to the value of the coefficient of intrinsic persistence (or backward looking inflation). Patra and Ray (2010) extracted model based inflation expectations to study what factors influence expectations and concluded that past inflation, food and fuel shocks, output gap and real interest rate can explain variations in inflation expectations. Model consistent rational expectations are incorporated in the framework used by (Benes et al, 2016) , under which the expectation formation process is endogenous to monetary policy credibility (i.e., expectations are more backward looking when the credibility is low). Examining Phillips curve relationship at the state level, Behera et al (2017) also confirmed the significance of Phillips curve to explain inflation dynamics in India, but they assumed expectations to be adaptive in all specifications of the Philips curve. Das (2014) , using lead WPI inflation as the proxy of forward looking expectations over the sample period Q2:1996 to Q4:2013, and imposing the restriction that the sum of the coefficients for forward looking and backward looking expectations is equal to one, concluded that the coefficient of backward looking expectations generally dominated forward looking expectations, implying high degree of inflation persistence and resultant lagged impact of monetary policy on inflation.
Given the available empirical support for the relevance of Phillips curve to India, we attempt to examine the explanatory power of household inflation expectations in explaining variations in CPI-C and CPI-Urban inflation in hybrid versions of the Phillips curve. Since expectations are measured directly through surveys, ordinary least squares (OLS) estimates are used. Moreover, rationality is not imposed a priori, and accordingly a constant is added to all regression equations. Output-gap measures are based on deviations of quarterly GDP from HP filter based trend GDP. When only 3-months ahead inflation expectations and output gap are used as the determinants of inflation, in all five equations (for CPI-C, CPI-Urban, CPI-IW, CPI-C non-food non-fuel, and CPI-Urban non-food non fuel) household inflation expectations emerge statistically significant (Table 8) . Output-gap (four quarters lagged) coefficient appears statistically significant for all measures of inflation, excluding CPI-IW. When oil price shock is included in the modified version of the Phillips curve, that does not help improve the explanatory power of the model (Table 9 ). This would suggest that oil price shocks may not have additional explanatory power beyond what is already captured in households' inflation expectations. Importantly, the overall explanatory powers of NKPC models with household inflation expectations do not improve relative to similar models with backward looking inflation expectations (Annex Table 2 ). When both backward looking expectations (inflation with one period lag) and forward looking household expectations were used together in Phillips curve equations (constraining the two coefficients to add up to one, or without imposing any such constraint), individual coefficients appear either very high or low (relative to models with either only backward looking expectations or forward looking expectations), with one of them turning out to be statistically insignificant in most cases (Annex Table 3 ). Only for CPI-Urban inflation, both past inflation and household inflation expectations are found to be statistically significant, but the output-gap coefficient is not statistically significant in such specifications. Similar results are obtained when 1-year ahead inflation expectations are used (Table 10 and 11).
In this section, the aim is to test whether household inflation expectations matter to explain inflation dynamics in a Phillips curve framework in India, rather than to capture the impact of all plausible determinants of inflation. Given that household inflation expectations are adaptive, and also that there is high degree of correlation between past inflation and current inflation expectations (as per Annex Table 1) , what this section finds is that household inflation expectations in the Phillips curveeven if they are not fully rational (as discussed in Section II) -help explain inflation dynamics, though only when substituted for backward looking expectations in the in the Phillips curve. 
IV: Inflation Expectations and Wage Dynamics
One of the major arguments on the need for monetary policy to anchor inflation expectations is that the risk of a wage-price spiral can be averted. Information on household inflation expectations collected through surveys may not fully satisfy the rational expectations hypothesis, but may still contain useful information to help assess how they influence current prices by impacting wage and price setting behaviour of economic agents. In the labour market, inflation expectations of both employers (firms) and employees may determine nominal wage increases. However, given that acquiring new information could be costly, one would expect firms to be more forward looking than employees 6 . If inflation expectations of employees and employers diverge, then transmission of the former to wages may depend on the degree of unionisation, or bargaining power of labour.
In countries that face uncertainty about availability of data on unemployment, wage growth could often be used as an early warning labour market indicator of inflation. Wage growth, however, may reflect the impact of a combination of factorsinflation expectations, slack in the labour market and labour productivity -and the transmission of inflation expectations to inflation may depend on how the latter two factors may be evolving. Moreover, in the presence of large scale involuntary part time employment or temporary contract labourers, transmission of inflation expectations could get dulled. Since the global financial crisis, subdued wage pressures and declining share of labour in total income has complicated assessment of risks to inflation from wages. In the US, the impact of tighter labour market conditions on wages has been dampened by decline in trend productivity growth and labour share in income, even as other factors such as automation, offshoring, decline in unionization and globalisation also played their role (Abdih, 2018) . In most advanced economies, nominal wage growth has been more sluggish than what is suggested by standard Phillips curve estimates, and structural changes in the bargaining power of labour and competition from foreign workers could explain part of the subdued wage growth (Arsov, 2018) . Greater monopsony power of employers (as highly concentrated labour markets depress wages) and weakening bargaining power of workers have impacted wage dynamics, entailing implications for monetary policy (Krueger, 2018) .
The importance of wage dynamics in inflation analysis is evident from the high share of labour income in total income. In most developed economies, however, labour shares have declined over time (Pekka, 2011) . In India, data from Annual Survey of Industries (ASI) indicate that the shares of wages (of workers) and total emoluments (of salaried employees) taken together constitute about 31.7 per cent of net value added (NVA). As against the industrial sector, for the economy as a whole, national income data suggest that labour share (compensation of employees) in net value added (NVA) is about 34 percent (Chart 1A and 1B). This would suggest that wage dynamics should matter to inflation dynamics, from the stand point of both input cost and aggregate demand effects associated with changes in wage growth. Given that inflation expectations data relate to some major cities, in the absence of data on wages relating to urban areas, data on staff costs (for manufacturing and services) sourced from CMIE are used here. While in the manufacturing sector the share of wages and salaries in total expenses works out to about 6 per cent, in the services sector the comparable share is higher at about 13 per cent 7 . Strikingly, in the manufacturing sector, per employee costs on wages and salaries have been declining in the recent period, notwithstanding household inflation expectations hovering much above actual inflation, implying the loss of bargaining power of labour. One would expect, therefore, empirical estimates not to validate transmission of inflation expectations to quarterly growth in staff costs. 
Chart 2B: Services
In the absence of data on inflation expectations of households in the rural areas, it is hypothesized that if rural households have similar inflation expectations as in the urban areas (given the high correlation of 0.96 between CPI-urban and CPI-rural inflation for the period January 2012 to December 2018), then inflation expectations of households (one year ahead) can also influence rural wages. Time series data on rural wages suffer from the problem of a statistical break (i.e., the old series is up to October 2013 and the new series is from November 2013, but without a linking factor). Moreover, the classification of labour groups has changed in both series. If one picks common comparable groups from both series, then data on "harvesting" could be used as a proxy for agricultural labourers and data on "masons" could be used as a proxy for non-agricultural labourers. Such data for the period December 2006 to September 2017 plotted in Chart-3 show that there could be some relationship between inflation expectations and rural wages, which could become clearer if estimated empirically 8 .
Before starting the empirical exercise, it is hypothesised that the wage-setting behaviour could be influenced by both past inflation (i.e., backward looking) as well as inflation expectations (i.e., forward looking) (Gali, 2011; Blanchard, 1986; Taylor, 1979) . Accordingly, the wage setting model used in this paper is:
Where is current wage level, is previous period price level, is expected price level, and is a vector of other exogenous factors that affect the wage setting behaviour. Here signifies the weightage the households give to past inflation and accordingly is the weightage assigned to future expectations. The above equation is reduced to:
The relevance of both backward looking and forward looking inflation to wage setting behaviour in India (for manufacturing staff costs, services sector staff costs, agricultural wage costs and non-agricultural rural wage costs) is examined here. All variables considered are found to be I(1) (i.e., stationary in first difference), and the estimated results are presented in Table 12 . Each equation is estimated twice, i.e., without imposing any restriction on the coefficients of backward looking and forward looking inflation expectations, and then imposing the restriction that these two coefficients add up to one. In the unrestricted formulations of the equations, the coefficients of both lagged inflation and one year ahead inflation expectations of households are correctly signed and statistically significant for non-agricultural rural wages (Table  12 ). For agricultural rural wages, only forward looking expectations come statistically significant. The explanatory power of inflation expectations in the regression estimates also look high for rural wages. In the restricted versions, F values reject the hypothesis that the two coefficients add up to one for mason wages, which indicates that as per the estimated values of individual coefficients in the equation, the combined impact of backward looking and forward looking expectations on wages could be greater than one. Unlike rural wages, for y-o-y growth in staff costs in the services sector, coefficients of inflation expectations -both past inflation and one year ahead inflation expectations -are not found to be statistically significant. As regards growth in per employee staff costs in manufacturing, the coefficient for one year ahead inflation expectations turns out to be negative and statistically significant, which is consistent with the decline in per employee staff costs in the recent quarters as plotted in Chart 2A One presumes this reflects weaker bargaining power of labour in manufacturing because of similar factors highlighted in the literature for other countries -globalisation and cheaper imports, automation, monopsony power of employers due to concentration of production in large firms, wakening unionisation, etc. To examine whether inflation expectations of more informed households in the sample could alter the findings relating to staff costs, we compared mean values of one year ahead inflation expectations of financial sector employees with other survey respondents, but surprisingly, all categories of respondents seemed to have revealed similar average inflation expectations over time in the past (Annex Chart 2).
The second stage of this exercise is to find out whether or not higher wages (influenced by inflation expectations) give rise to higher inflation. This aspect was studied in detail by Kundu (2018) for India, and she found that prices influence wages, rather than wages influencing prices, implying limited risk of a wage-price spiral. These findings were based on estimates that used data on rural wages for the period November 2013 to November 2017. Taking into account the fact that modified Phillips curve approach has already been applied in Section III, in this section inflation is estimated as a function of wage growth (without any output gap variable or other determinants of inflation in the equation) with a view to identifying the presence of any long-run co-integrating relationship between them (using Johansen's methodology). These estimates use quarterly data for the period December 2006 to June 2018. While modelling, we have used two control dummies: Dec2013-Sep2014_D and Post_Dec_2014_D. The monthly wage series was revised in November 2013. Therefore in wage growth calculation from November 2013 to October 2014 both old and new data are used. To control for this data revision effect we have created a dummy Dec2013-Sep2014_D, which takes the value 1 if the quarter falls in between December 2013 and September 2014, else 0. From December onwards, the wage growth has been calculated using new data only, to control this we have used a dummy Post_Dec_2014_D which is 1 if the quarter is in or after December 2014, else 0. It is observed that agricultural wage growth influences inflation and vice-versa, with the presence of long-run co-integrating vectors (and the statistically significant error correction terms falling within -1 to 0 not only validates the presence of a long term relationship but also indicates short-run adjustments to restore the long-run equilibrium) (Table 13 and 14) . For staff costs (both manufacturing and services) Johansen's co-integrations tests do not provide any evidence of long-run relationship with CPI-C inflation. Thus, there is some empirical evidence to support the hypothesis that high inflation expectations of households influence rural wages. Moreover, both agricultural and non-agricultural wages seem to be influenced more by forward looking inflation expectations than past inflation. For rural wages, convergence to long-run steady state also results through adjustments by both wages and inflation, indicating that expectations driven wage pressures could lead to higher CPI-C inflation. This, however, does not stand the test of robustness, because inflation expectations data collected from cities should matter more to growth in staff costs in manufacturing and services activities, where the empirical results do not provide any evidence on inflation expectations induced wage pressures.
V: Key Drivers of Household Inflation Expectations
When inflation expectations deviate persistently from the inflation target, it becomes important to examine what drives expectations, given the risks highlighted in the previous two sections that high inflation expectations can potentially influence current wage growth and inflation. Past inflation is widely reported in the literature to be a predictor of inflation expectations, as households inherently are subject to "sticky information" problem and often adjust to new information only gradually in a backward looking manner (Ha et al, 2019) . Household survey participants may also represent an unknown mix of informed and uninformed consumers 9 , with the latter assigning disproportionately high weight to frequently purchased items (like food) or what gets publicised widely (like petrol and diesel), which in turn could create a wedge between actual inflation and inflation expectations. The major challenge for inflation management when short-term supply shocks influence inflation expectations is that inflation is not only impacted directly by these shocks but also through second order amplifications. Normally, food and fuel shocks are expected to be transitory and their impact on inflation, though sudden and large, should dissipate over time, allowing space for monetary policy to see through. Moreover, only persistent food and fuel shocks should feed into inflation expectations, posing the challenge of second round amplification, which monetary policy needs to resist. But when transitory shocks also impact inflation expectations, the space for accommodating such shocks may become limited. In countries where credibility of monetary policy is high, not only non-food inflation persistence is low but also transmission of food price shocks to non-food prices is smaller, allowing space to accommodate food shocks. However, in countries with low monetary policy credibility, monetary policy would have to react more forcefully to non-food price shocks because of higher persistence in non-food inflation, and even more forcefully to food price shocks because of the risk of spillover to non-food inflation (Walsh, 2016) . When inflation expectations are anchored, the challenge for monetary policy is much less. Anchoring here means relative insensitivity of inflation expectations to incoming data (Bernanke, 2007) . In other words, expected inflation should not change because of current inflation increasing in response to a temporary shock. Importantly, changes in inflation may be driven by several non-monetary factors, but monetary policy must anchor inflation expectations for restoring the economy back to stable inflation (Davis, 2012) .
Survey-based data on inflation expectations usually reflect large heterogeneity in expectations, while empirical literature often focuses on median/ mean values of expectations. This reflects the influence of theoretical macroeconomic models, which assume that people use common information and form expectations rationally, leaving little room for disagreement. Since in real life people tend to differ in many ways, and often widely, in forming their expectations, no single model can possibly help explain how expectations are formed (Mankiw et al, 2003) . In India, an analysis of dispersion in individual responses suggested that for 3-months ahead expectations disagreement levels are higher than for 1-year ahead expectations, and there is greater consensus when inflation rises than when inflation declines (Jayaraman et al., 2018) . Notwithstanding this challenge, given the importance of inflation expectations to price stability mandate of a central bank which is defined in terms of the headline CPI-C inflation, following the commonly used empirical approach in the literature, this section examines the influence of food and fuel shocks on inflation expectations of households.
Available empirical analysis on the subject for India suggests that food and fuel price shocks significantly influence inflation expectations of households. The Report of the Expert Committee to Revise and Strengthen the Monetary Policy Framework (Chairman: Dr. Urjit R Patel) used a panel data framework to examine how food and fuel inflation (as measured in CPI-IW) influence both 3-months and 1-year ahead inflation expectations of households. Empirical evidence on significant influence of food and fuel shocks on inflation expectations was considered as one of the justifications for setting headline inflation as the target for monetary policy. In a Bayesian Vector Auto Regression framework it found that food and fuel shocks had the largest and most persistent impact on inflation expectations. An updated assessment of the same hypothesis (using data for the period September 2008 to December 2014 and specific food and fuel items) yielded somewhat similar resultschanges in prices of fruits and vegetables and petrol explain almost 60 per cent of variations in 3-months ahead inflation expectations, while longer-term expectations, as one would expect, were found to be more stable (RBI, 2015) . Das et al (2016) found that even after controlling for observed household characterises -such as age group, gender, and employment category -and including lagged inflation in the model, food and energy shocks had significant impact on inflation, though the explanatory power of the model may not increase much. This section uses CPIUrban and CPI-Combined data over a longer time period to examine the same empirical relationship.
In the CPI-C, while data are available for major item groups from 2011, item level data (such as petrol and diesel) are available only since 2014. A panel regression analysis has been used by mapping cities in which inflation expectation surveys are conducted by the RBI to respective CPI-U and CPI-C of states, for the sample period Q1:2012 to Q3:2018. To test how the relationship might have changed over time for CPI-IW, a longer time series data has been used. Inflation in "transportation and communication" (as a proxy for petrol and diesel) and in "fruits and vegetables" are used to study their influence on three months ahead inflation expectations of households. For the panel regression analysis, petrol and diesel is not available separately at the state level, and therefore inflation in miscellaneous group and/or transportation and communication group (which includes petrol and diesel) has been used for analysing oil price shock in the model.
Regression results for CPI-IW (sample period Q1:2009-Q3:2018) indicate that a 10 per cent YoY increase in prices of petrol and diesel (i.e., transportation and communication) could increase 3-months ahead inflation expectations by about 2.8 percent. Fruits and vegetables inflation do not show statistically significant impact in the first specification (Table 13 ). In the second specification, the second lag of fruits and vegetables becomes statistically significant. But, the impact of petrol and diesel (2.2 percentage points) is about seven times higher (compared with 0.3 percentage points for fruits and vegetables) on HH inflation expectations. In the third specification, the second lag of fruits and vegetables and the first leg of transportation and communication are statistically significant. The impact of petrol and diesel (1.6 percentage points) is about four times higher (compared with 0.44 percentage points for fruits and vegetables) on HH inflation expectations. While petrol and diesel explain about 48 per cent of total variation in HH inflation expectations, including fruits and vegetables together they explain about 56 per cent of total variation. Panel data analysis is particularly suitable while examining inflation expectations of households because of wide cross-section (or inter-city) variations in inflation expectations and also significant intra-city variations in inflation expectations over time (Chart 4 and 5). Appling panel data regression, thus, one could model inflation expectations as a function of not only food and fuel shocks (as captured in CPI-Urban data), but also a state fixed effect (i.e., state specific factor that does not change over time, or, that captures fixed differences in inflation expectations across states), a time fixed effect (or a factor common to all states that changes over time), besides a random error term 10 .
10 IE it = F&F it + s i +c t + e it Where s i and c t are fixed, i.e., they move only in one direction (either across cities or over time) while F&F it and e it move in both dimensions. Fixed effect models (given that s i and c t can be potentially correlated with F&Fit) can give estimates separately for the unknown vector of state fixed effects (s i ) and also unknown time fixed effects (c t ). Random effect models, in turn, assume that state fixed effects are neither correlated with F&F it or e it , and s i are IID with zero mean, remain as part of e it and therefore are not estimated separately.
The estimated model here has inflation expectations of households as the dependent variable and one period lag of and as the key determinants. (Since state-wise data on petrol and diesel are not available in CPIUrban, state-wise data on transportation and communication or miscellaneous group from CPI-Urban are used as proxy of fuel shocks). Taking into account lags in actual release of CPI data relative to the time when households participate in the survey and reveal their expectations, one period lag of food and fuel is considered as appropriate. Breusch-Pagan (BP)-LM test confirms the appropriateness of random effect over the ordinary least squares approach, for both one quarter and one year ahead expectations (Table 16) . Column 1 presents results for one quarter ahead expectations and column 2 for one-year ahead expectations. While food inflation influences one quarter ahead inflation expectations, both food and fuel shocks influence one year ahead inflation expectations. Besides no state fixed effects (as is the case in any random effect model), there was also no evidence of relevance of time fixed effects in these estimates. Due to observed persistence in CPI-C inflation and adaptive nature of inflation expectations of households, the baseline static model needs to be augmented with lagged inflation expectations, which in turn would require dynamic panel estimates. A common practice, particularly when cross-section(N) exceeds time period (T) is to use GMM-difference or GMM system estimator proposed by Arellano and Bond (1991) , Arellano and Bover (1995), and Blundell and Bond (1998) . In this paper, 26 quarterly data points on CPI inflation (since 2012) as against 12 centres (crosssection) for inflation expectations data -or small N and large T -would need to deal with the issue that GMM estimators are likely to produce spurious results (Roodman, 2006) 11 . Based on Pesaran et al. (1999) , we use the following dynamic heterogeneous panel regression incorporated into the error correction model applying the autoregressive distributed lag ARDL (p, q) technique (Fedderke et al., 2003 and Loayza and Ranciere, 2006) : and is a scalar dependent variable, is the vector of (weakly exogenous) regressors of group , represents the fixed effects, is a scalar coefficient, 's is the vector of coefficients, 's are scalar coefficient, and are coefficient vectors. The optimal lag length for each variable is chosen through SIC and similar results were also observed for HQ. The group-specific short-run coefficients and the common long-run coefficients are computed by the pooled maximum likelihood estimation 12 . All variables in the model are integrated of order less than 2 as per LPS unit root tests (Annex Table 4 ).
11 First, small N might lead to unreliable autocorrelation test. Second, as the time span of the data gets larger, the number of instruments will get larger too. This affects the validity of the Sargan test of over identification restriction and may cause rejection of the null hypothesis of exogeneity of instruments. 12 There are two alternative dynamic panel estimation techniques. First, the dynamic fixed effects (DFE) estimation which imposes the homogeneity assumption for all of the parameters except for the fixed effects. Secondly, the mean group (MG) estimates proposed by Pesaran and Smith (1995) , which allows for heterogeneity of all the parameters. The pooled mean group (PMG) estimation provides an intermediate case between the above two extreme cases. The MG estimator provides consistent estimates of the mean of the long-run coefficients, though these will be inefficient if slope
The results are estimated separately with overall food and fuel shocks first in Table- 17 (where the miscellaneous group is used as proxy of fuel) and different components of food (cereals, pulses and fruits and vegetables) and fuel (transportation and communication group) in Table 18 . While food shocks clearly influence both 3-months ahead and 1-year ahead inflation expectations as per the first specification of the model, each major component of food also appears to be statistically significant in influencing inflation expectations in the second specification. Fuel shocks are not statistically significant in either of the specifications. homogeneity holds. Under long-run slope homogeneity the PMG estimators are consistent and efficient. Therefore, the effect of both long-run and short-run heterogeneity on the means of the
VI. Conclusions
The usefulness of survey-based information collected by the RBI on inflation expectations of households is examined in this paper from the stand point of their relevance to inflation dynamics and inflation forecasting. For household expectations to satisfy the requirements of both rationality and unbiasedness it is necessary that (a) actual inflation must equal expected inflation on average, and (b) actual inflation must equal expected inflation plus a random forecast error period by period. In other words, while forming expectations, households should not be committing any systematic forecast errors. In practice, it is not necessary that inflation expectations must equal inflation on average, but there must be a long-run (co-integrating) relationship between them and short-run dynamics should ensure convergence to this long-run relationship. From the standpoint of relevance to monetary policy, if inflation expectations drive convergence to the long-term relationship -a rational error learning process that would indicate that inflation is not influenced by inflation expectations. In turn, if inflation drives convergence to the long-run relationship then inflation expectations would have to be viewed as influencing inflation, requiring monetary policy to counter proactively potential risks to the inflation trajectory from inflation expectations. Empirical estimates for India suggest that rationality and unbiasedness hypotheses do not hold for both 3-months ahead and 1-year ahead inflation expectations of households. However, the error correction dynamics obtained from the long-run co-integrating relationship indicate that inflation expectations adjust to the long-run relationship over time. This could be interpreted as an evidence of sensible expectation formation process, if not strictly rational, in the sense that expectations tend to converge to the rational value -which may not be known at the time when expectations were formed -as households revise their expectations over time. Thus, even when inflation and inflation expectations deviate from their long-run relationship, eventual reversion to the long-term path is ensured by households as they revise their expectations.
Non-rational nature of expectations do not mean that survey-based information has no utility for explaining inflation dynamics. While rationality is necessary for inflation expectations to be incorporated in a new Keynesian Philips Curve (NKPC), hybrid versions of NKPC often fit actual inflation data better, which also provide a more realistic framework to test the information content of any surveybased measures of inflation expectations. In five different specifications of modified versions of NKPC (for CPI-C, CPI-Urban, CPI-IW, CPI-C non-food non-fuel, and CPI-Urban non-food non-fuel), this paper finds that household expectations emerge as a statistically significant predictor of actual inflation. As household expectations coefficients can be determined by the Hausman test applied to the difference between MG and PMG or DFE estimators. are adaptive, in hybrid NKPC specifications household inflation expectations effectively work more as a substitute of adaptive expectations. Importantly, the explanatory power of NKPC does not improve when household inflation expectations replace past inflation.
A realistic assessment of the relationship between inflation expectations and wages -the key channel for transmission of inflation expectations to inflation -often requires information on other key determinants of wages, such as slack in labour market/unemployment rate, labour productivity, trend change in labour share in total income, and other factors such as automation, offshoring, unionization and globalisation. Notwithstanding the potential impact of several factors (some unobserved/difficult to identify), any empirical evidence on inflation expectations influencing wages could be a clear risk to the inflation outlook. For India, growth in staff costs in manufacturing and services activities is used as a proxy of wage growth, given that inflation expectations data relate to cities. Empirical estimates do not provide any robust evidence on transmission of inflation expectations to staff costs. In the absence of inflation expectations data for rural areas, if one assumes that rural areas also have similar inflation expectations as in the cities -given the high correlation between CPI-rural and CPI-urban inflation -then rural agricultural and non-agricultural wages appear to have been influenced by inflation expectations. Assessment based on long-run co-integrating relationship between inflation and rural wages, however, do not yield any evidence of wage growth driving inflation.
Despite lack of robust empirical evidence on the role of household inflation expectations in driving inflation in India, given the potential nature of the risks, it is important to understand the factors that drive inflation expectations. Food and fuel shocks tend to influence both 3-months and 1-year ahead inflation expectations of households, together accounting for close to 60 per cent of changes in 3-months ahead inflation expectations in some specifications. A panel regression analysis that recognises the heterogeneity in inflation expectations across cities and the divergent impact of food and fuel shocks on inflation at the state level also establishes the role of food and fuel shocks in driving inflation expectations, but the magnitude of impact is somewhat lower compared with OLS estimates for headline numbers. The space for accommodating temporary food and fuel shocks in the conduct of monetary policy gets increasingly constrained when inflation expectations, instead of remaining anchored to the inflation target, start moving in response to food and fuel shocks, which in turn may amplify inflation pressures by impacting the wage and price stetting behaviour of agents in the economy. The longer such temporary shocks are accommodated by monetary policy, greater the sacrifice of output in the medium-run to restore price stability.
But for some possible sampling bias and naïve responses of some households while participating in a survey, household expectations generally should be seen as rational because it may be difficult for even informed agents in the economy to disentangle a transitory shock from a permanent shock, and it is also natural for a household to look back and correct for errors in past expectations over time while setting expectations for the future. Some rational bias in expectations, thus, could be closer to reality compared with text book interpretation of rationality. Moreover, longer-term inflation expectations, say for 5-years ahead or more, could be expected to be much less sensitive to transitory price shocks, and may also impact wage and price setting pattern much more in an economy than 3-months ahead or 1-year ahead expectations. The average time taken to reset wages and prices, based on inflation expectations, could widely differ for different segments of the economy and also for different items in the CPI basket. While retail prices of some perishable may vary every day, that may not be due to changes in inflation expectations. Where inflation expectations matter for wage-price dynamics, longerterm measures of inflation expectations may be more appropriate, and shorter-term expectations like 3-months ahead may actually reflect the influence of more recent past, without much relevance to wage-price setting behaviour of agents in the economy. In India, one may have to also recognise other country specific challenges while studying the behaviour of actual inflation relative to inflation expectations of households. First, quarterly CPI-C and CPI-Urban data are available only since 2012, which statistically limit the scope for robust testing of some of the key empirical hypotheses. Second, this short experience relates to a period of sustained disinflation, preceded by much higher average inflation, which may be still etched in the memory of many households. This sustained disinflation has materialised irrespective of the state of slack in the economy, complicating the assessment of transmission of inflation expectations to wages and prices. Third, inflation expectations data relate to some of the major cities in India, where the share of income spent on certain services, such as education and health, and also transportation and house rent may be much higher than comparable weights in the CPI basket. A more representative mix of respondents in the survey may help in establishing more meaningful empirical relationships between inflation expectations of households and CPI-C and CPI-Urban inflation. The findings of this paper, therefore, may be seen as indicative -based on an attempt to extract as much empirical inferences as one could draw by testing hypotheses that are relevant to understand wage price dynamics in a country -with wide scope for future research as more representative data on inflation expectations and for a longer time period become available.
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